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Fine Structure of Granulation Tissues from Deep Injury 
c. WARD KISCHER, PH.D. 
Department of Anatomy, University of Arizona, College of Medicine, Tu cson, A rizona, U.S.A. 
Granulation tissues from a group of severely burned 
children aged 1 mo to 16 yr were obtained for study by 
transmission electron microscopy. Fine structural char-
acteristics were evaluated in the context of their possible 
significance to subsequent hypertrophic scarring. 
Microvessels often show the products of a thrombus. 
Some small vessels are occluded and are usually seen in 
the older granulations. Endothelial and perivascular sat-
ellite cells contain prominent amounts of rough endo-
plasmic reticulum, few mitochondria but even less of 
other organelles. Around all vessels are multiple layers 
of basal lamina. 
Fibrin is found in all of the granulations from 13 days 
t o 6t mo postinjury. It is seen intraluminally and inter-
stitially . 
Although in the younger granulations a few fibrin 
fragments appear "sticking" to occasional macrophages, 
neutrophils or fibroblasts there is no evidence of a mas-
sive clearance mechanism. 
Fibroblast type cells demonstrate morphology which 
may be predominantly vesicular, granular, or organeller. 
Myofibroblasts are abundant and virtually all exhibit 
micro tendons. 
The significance of the persistent and pervasive fibrin 
in a deep injury to probable development of subsequent 
hypertrophic scarring may lie in promoting endothelial 
cell proliferation which would occlude the microvessels. 
Occlusion would then produce hypoxia which, in turn, 
would stimulate excessive fibroblast proliferation and 
overproduction of collagen and certain mucopolysaccha-
r ides . 
The capacity of humans to respond to injury by reconstruct-
ing structurally and functionally normal tissues is often com-
promised in the case of skin [1]. Excepting the cases of infection 
or inflammation the regenerative capacity of the dermis and, 
hence, of skin, becomes limited when certain limits are ex-
ceeded. Currently, we interpret those limits as a function of the 
depth of injury. Beyond that, t he specific factors compromising 
the regeneration of normal dermis are not known. Deep or full 
thickness injuries, especially where a loss of tissue mass is 
experienced, usually result in hypertrophic scars or keloids. 
We need to define the structural and physiological changes 
which accompany injury in order to correctly roentify those 
factors which produce such sequelae as ' fibrosis, hypertrophic 
scars or keloids. 
For severa l years we have studied the tissues of patients at 
the Shriners Burns Institute, Galveston, Texas. Thei.r cases are 
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limited to children 16 yr and younger. This constitutes, in one 
way, a select group of patients, the vast majority of which have 
experienced a deep thermal burn. Those individuals, regardless 
of the best care and treatment available inevitably produce 
hypertrophic scars [2]. Some of our first studies concluded that 
the origin of the hypertrophic scar lay in the granulation tissue 
[3,4]. The specific causative factors still elude us, however. 
We have now concluded a further fine structural characteri-
zation of the granulation tissues with special reference to the 
vascular and cellular content from a group of severely burned 
children. The results of this study are presented here in terms 
of characteristics which could reasonably be related to the 
development of hypertrophic scarring. 
MATERIALS AND METHODS 
Granulation t issues were obtained from 79 patients, a ll children 
ranging in age 1 mo to 16 yr. No granulation was younger than 13 days 
or older than 6.5 mo postinjury. Biopsies were obtained after scraping 
the superficial boggy material. 
All t issues were fixed in either 10% or 1% Paraformaldehyde buffered 
with Na-cacodylate for a minimum of 2 hI', but many remained in 
fixative for several days or weeks [51,1-mm punches were obtained for 
study by electron microscopy. The t issues were washed in isotonic Na-
cacodylate buffer and postfixed in isotonic 1% OsO" for 1 hr. Following 
ethanolic dehydJ'ation the t issues were embedded in Epon 812. All 
sections were examined on a Philips 201 or 300 electron microscope. 
S lices of the paraformaldehyde-fixed t issues were made containing 
the l -I11In holes and embedded in pa raffin for study by H & E sections 
and for correlation with the areas studied by electron microscopy. 
RESULTS 
Granulation tissues of an early age contain a plethora of 
inflammatory cells, most of which are neutrophils. Occasional 
plasma ceIJs, lymphocytes and macrophages are observed but 
their numbers are small. Macrophages sometimes are observed 
in close proximity to interstitial fibrin, and often the latter 
appears contiguous with the macrophage (Fig 1). 
Mast cells are conspicuously absent except in advanced gran-
ulation tissues. These tissues are so classified because collagen 
pattern predisposing toward hypertrophic scar patterns are 
evident [4). However, eve.n in these cases only a few mast cells 
have been identified. 
In many of the granulation tissues the new capillary vessel 
(or sprout) is surrounded by many fibroblast-type cells. They, 
along with the endothelial cells, demonstrate extensive rough 
endoplasmic reticulum, some of which is highly dilated (Fig 2). 
Many of the endothelial cells demonstrate complex interdigi-
tating cell junctions. In many small vessels there are vast 
amounts of basal lamina surrounding the vessels, sometimes in 
layers, other times appearing randomly arranged (Fig 3). Many 
of the microvessels are also occluded (Fig 4) . 
One of the most striking and consistent observations in these 
tissues is the presence of fibrin, interstitial, intraluminal and at 
all levels in the walls of the vessels (Fig 5). It is found in 
virtually all of the granulation tissues studied. Although fibrin 
is seen occasionally in close proximity to the few macrophages 
present, or even more rarely "sticking" to neutrophils or fibro-
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FI G 1. Macrophage from granulation tissue of 4 mo postinjury. Fibrin fragments a re contiguous with ce ll at diffe rent a reas (arrows) (x 12,000). 
FI e: 2. Microvessel from l -mo-old granula tion with pronounced rough endoplasmic re ticu lum in endothelia l and pericyte cells (x 9(00). 
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FIG 3. Granulation 2 mo old. Microvessel with excessive basal lamina. Lumen appears occluded (X 16,500) . 
FIG 4. Occluded sma ll vessel in 3 mo-old granulation. Lumen (L). 
Note exLenL of basal lamina (arrow) (reduced from X 12,000) . 
blast-type cells, there al'e no indications of major phagocytosis 
of fibr in in the granulation tissues. 
Fibroblasts demonstrate a variable fine structure. Some are 
highly vesiculated with a granular cytoplasm relatively devoid 
of organelles (Fig 6). Others show a homogeneous dense gran-
ular cytoplasm, a minimal amount of rough endoplasmic retic-
ulum and a dark crenated nucleus (Fig 7). The most frequently 
observed fibroblast fine structure reveals a marked amount of 
rough endoplasmic reticulum, some Golgi membranes and mi-
tochondria . They have a stellate shape and many cell processes 
(Fig 8). These latter characteristic are more frequently ob-
served in t he older granulations. 
Myofibroblasts are observed in virtually all ofthe granulation 
tissues (Fig 9). Most exhibit "microtendons" [6], which are also 
seen on many of the vesicular type fibroblasts (Fig 6) and can 
extend for long distances through the interstitium. The micro-
tendons seem to be composed of thin filaments approximately 
20 A to 40 A in diameter. Surrounding these filaments is an 
amorphous electron dense material (Fig 6, inset). 
DISCUSSION 
So called "normal repair" has been studied in uncomplicated 
surgical incisions in both animals and man. Certain facts are 
known about the repair mechanisms, which in sutured wounds 
have been detailed on a day-to-day basis [7] and from the 
standpoint of the structural characteristics and function of each 
component of wound repair [8]. 
This present study, however, is of complicated wounds from 
deep injuries involving considerable loss of t issue. 
The vast majority of inflammatory cells present in the gran-
ulation tissues are polymorphonuclear leukocytes (PMNs). 
Plasma cells and lymphocytes are present but in very small 
numbers. What is surprising is the low number of macrophages 
observed. It is probable that a larger number are present prior 
to 13 days postinjury, the eariest date from which we acquired 
tissue . 
No mast cells are found in granulation tissues until collagen 
patterns predisposing toward hypertrophic scarring are laid 
down. This is consistent with other findings [9,10]. However, 
because the earliest age of our granulation tissues was 13 days, 
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FIG 5. Granulation 1 mo-old. Microvessel with fibrin in lumen and 
interstitium. Note platele ts in lumen (reduced from x 1450). 
FIG 6. Granulation of 3 mo postinjury. Fibroblas t-type cell with 
granular and vesicula r cytoplasm. Micl'otendons (arrow). (x 8000). 
[n.gel, Microtendons appea l' to be composed of small 20-40 A filaments 
with dense amorphous mass (x 35,700). 
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FIG 7. Two-mo-old granuiation. Fibroblast with relative void of 
organelles. Some rough endoplasmic reticulum and dense crenated 
nucleus (reduced from x 10,000). 
we are unable to confIrm the suggestion of Asboe-Hansen [11] 
that deep injuries promote immediate and massive degranula-
tion of existing mast cells. 
The variety of fibroblast cell fIne structure observed in this 
study is compatible with the observations of Samohyl and 
Stastna [12]. Many of these cells may have a short life-span, . 
particularly when they are highly vesiculated and lack many 
organelles. Others may be stimulated to produce excessive 
collagen and/or glycosaminoglycans, especially where there is 
an abundance of the microstI'ucture associated with synthesis. 
The source of new fibroblasts remains unknown. In some 
studies they are believed to be derived from vascular pericytes 
. [13,14]. The fact that we see many of the new vessels heavily 
surrounded by cells with vast amounts of rough endoplasmic 
reticulum offers support for this thesis. 
The presence of myofibroblasts is consistent with their pre-
vious identification in granulation tissue [6]. These cells have 
also been identified in hypertrophic scar [15,16] and keloid 
[17]. It is quite possible these cells are a product of injury or 
tissue stress and not a naturally occurring embryonic cell. Thus, 
they may well aid in closure of the wound and under a contin-
uing stimulus may be sustained after healing and promote the 
contractures which are so often debilitating. The question is 
'what is the stimulus for their appearance and action? 
The most striking observation made in this study is the 
pervasive occurrence of fibrin in all granulation tissues studied, 
and its apparent persistence in the wounds as evidenced by its 
observation in granulations as old as 6.5 mo. Finding the fibrin 
intraluminally and throughout the walls of the vessels suggests 
there may be a clearance fault within the blood channels and 
that a vascular leakage problem is present. The presence of this 
fibrin is considered potentially harmful. Kincaid-Smith [18] has 
suggested that persistent fibrin in the case of chronic glomerulal' 
nephritis is a stimulus for endothelial cell proliferation. S uch 
proliferation usually accompanies excessive basal lamina for-
mation, which is observed in the present study, and signals 
chronic endothelial cell damage [19). This increased basal lam-
ina is also a consistent finding in hypertrophic scars [ll). In the 
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FIG 8. Fibroblasts from 3 mo-old granu lation with pronounced rough endoplasmic reticulum. Mitochondria (WTOWS) (x 13,000). 
FIG 9. Myofibroblast from granulation 1 mo old demonstrating cy-
toplasmic densities and micro tendons (al'/'ows) (reduced from X 8750). 
present study t he occlusion of som e of t he microvessels m ay 
well be a r esult of excessive endo thelia l cell prolife rat ion. Ad-
ditionally, ma ny of the endothelial cell nuclei appeal' crenated 
as though in a con tracted state [20]. N o correlation between 
numbers of sections with occluded microvessels and site, depth 
or age of injury has been made. However, since t he occlusion 
was usua lly observed in cases of older gra nulation t issues it 
may be significantly related to t he pervasive microvascula r 
occlus ion observed in the hypertrophic scar [21]. 
It may be possible that endothelial plasm ins, one of t he 
principa l fibrinolytic enzyme groups [22] , m ay be significantly 
reduced in deep injuries. Fibrin would not be cleared unde r 
such condition until gra fting were successful. Ryan, Nishioka, 
and Dowber [23] and Odland a nd Ross [24] have demonstrated 
that basal epidermis has strong fibrinolytic properties. 
The initia l vascular occlusion in granulation t issue a nd its 
pe rsistence and increase in hypertrophic scal'S may be related 
to the persistent presence of fibrin , or , more likely, fibrin 
degradation products. The latter have been measured in burn 
patien ts, and persistent elevated levels have been found [25]. 
Prolonged vascula r occlusion would promote a prolonged 
state of hypoxia which , in turn , could stimulate excessive col-
lagen production by fibroblasts. We have previously proposed 
this t heory for hyper trophic scar development [26]. The present 
study supports this hypoth esis by providing evidence for a n-
other step in th e possible mech a nism by which th e hypertrophic 
scar is ini tiated. 
REFERENCES 
l. Peacock EE, Van Winkle W: Repai r of skin wounds, Wound Repair. 
2nd ed., Philadelph ia; Saunders, 1976, pp 243- 253 
2. Larson OL, Abston S, Willis B, Linares H, Oobrkovsky M, Evans 
EB, Lewis SR: Contracture and scar formation in the burn 
patient.. Clinic in Plastic Surg 1:653-666, 1974 
3. Kischer CW: Fibroblasts during hypertrophic scar fo rmation and 
resolu tion. Proceedings of the 31st Annual Meeting of the Elec-
tron Microscopy Society of America, Boston, Mass., 1973. Edited 
by Arceneau CJ. Baton Rouge, Claitor's Bookstore, pp 302-.303 
4. Linares HA, Kischer CW, Oobrkovsky M, Larson OL: On the ongm 
of the hypertrophic scar. J Trauma 13:70-75, 1973 
5. Winborn WB, Seelig LL J r.: Paraformaldehyde and s-collidine. A 
fixative for preserving large blocks fo r electron microscopy. Tex 
Repts Bioi Med 28:347-36 1, 1970 
G. Ryan GB, Cliff WJ, Gabbiani G, Irle C, Montadon 0, Statkov PR, 
Majno G: Myofibroblasts in human granulation tissue. Human 
Pathol 5:55-67, 1974 
7. Ordman LJ , Gillman T: Studies in the healing of incisions through 
the skin of pigs. Arch Surg 93:857-882, 19G6 
8. Hun t TK, Van Winkle W Jr.: Fundamental of Wound Manage-
ment in Surgery. Wound healing: normal repair. Chirurgecom, 
Inc., outh Plainfield, N.J ., 1976 
152 KISCHER 
9. Kischer CW, Bai ley JF: The mast cell in hypert rophic scars. T ex 
Repts Bioi Med 30:327-338, 1972 
10. Kischer CE, Bunce HIll, Shetlar ML: Mast ce ll a nalyses in 
hyper trophic scars, hypertrophic scars t reated with pressure and 
mature scars. J Invest Dermatol , 70:355-357, 1978 
11. Asboe-Hansen G: Mast ce lls in health and disease. Bull NY Acad 
Med 44:1048-1055, 1968 
12. Samohyl J, Stastna J : The main types of granulation in the electron 
microscopic picture. Acta Chirurg Plast 11 :181-186, 1969 
13. Weber K, Braun-Falco 0: Ultrastructure of blood vessels in human 
gra nulation tissue. Arch Dermatol Forsch 248:29-44 , 1973 
14 . Crocker DJ, Murad TM, Geer JC: Role of the pericyte in wound 
healing. An Ultrastructural Study. Exp Mol Pathol 13:51-65, 
1970 
15. Kischer CW: Fibroblasts of the hypertrophic scar , mature scar and 
normal skin. A study by scanning and transm ission electron 
microscopy. T ex Repts Bioi Med 32:699-709, 1974 
Hi. Baur P, Larson DL, Stacey TR: The observation of myofibrob lasts 
in hypertrophic scars. Surg Gynecol Obstet 141:22-26, 1975 
17. Kischer CW, Shetlar MR, Peacock EE, Chvapil M: Cellular and 
extracellular analysis of keloid . J Cell Bioi 75: 152a, 1977 
18. Kincaid-Smith P : The role of coagulation in the obli teration of 
glomerular capillaries, Glomeru lonephri t is. Morphology, Natural 
Vol. 72, No.4 
History and Treatment, vol II. Edited by P. Kincaid-Smi th, TH 
Ma thew, EL Becker. New York, Wiley & Sons, 1973, pp 87 1-890 
19. Gabbia ni G, Majno G: Fine s tructure of endotheliu m, Microcircu-
lation Voir. Edited by G Ka ley, BM Altura . Baltimore, Univer-
sity Park Press, 1977, pp 138-140 
20. Kischer CW, Linares HA, Dobrkovsky M, Larson DR: Elec tron 
microscopy of the hypert rophic scar, 29th Ann Proc E lec Microsc 
Soc America, Baton Rouge, Claitor's Pub Div, 1971, pp 302-303 
21. Kischer CW, Shetlar MR: Microvasculature in hypertrophic scars 
and the effects of pressure. J Trauma (In Press), 1979 
22. Robertson AL Jr., Rosen LA: The arterial endothelium, Microcir-
culation Vol. I, Edited by G Ka ley, BM Altura. Baltimore, 
Un iversity Park Press, 1977, pp 147-149 
23. Ryan TJ, Nishioka N, Dowber RPR: Epithelia l-endothelia l inter-
action in the control of inflammation through fibrino lysi . Br J 
Dermato l 84 :501-515, 1971 
24 . Odland G, Ross R: Human wound repair. !. Epidermal regeneration . 
J Cell Bioi 39: 135-157, 1968 
25. S imon TL, Curreri PW, Harker LA: Kinetic characterization of 
hemostasis in thermal injury. J Lab Clin Med 89:702-710, 1977 
26. l<ischer CW, S hetlar MR, S hetlar CL: Alteration of hypertrophic 
scars induced by mechanical pressure. Arch, Dermatol 111:60-64, 
1975 
